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Description 



[NONVOLATILE MEMORY STRUCTURE] 

Background of Invention 
[ooo 1 ] Field of Invention 

[0002] The present invention relates to Non-volatile memory 

structure. More particularly, the present invention relates 
to a non-volatile memory device with CMOS logic process. 

[0003] Description of Related Art 

[0004] Non-volatile memory has its wide applications in various 
field, such as the multimedia or particularly to the 
portable multi-media applications including digital cam- 
era and audio player, or the smart cellular phone. All of 
these apparatus need to store data or contents when 
power is off. Nonvolatile memory then has various appli- 
cations. 

[0005] | n the various applications for integration nonvolatile 

memory, from fabrication and operation point of view, it 
is desired to adapted in the standard CMOS LOGIC pro- 
cess. Those applications include software updates, storing 



ID code, manufacture code, and look-up table. However, 
incompatibility process between conventional stack gate 
EPROM /FLASH memory and CMOS LOGIC process leads to 
increase process integration difficulty and cost overhead. 
A single-poly EPROM (erasable programmable read-only 
memory) cell is then proposed to prevent process incom- 
patibility issue. As known in the current conventional 
technology, a memory cell has an NMOS transistor and 
PMOS transistor placed adjacently. The PMOS gate in N- 
well works as control gate and inversion layer is formed 
when positive voltage is applied to N-well / P+ Diffusion 
node. However the space-apart region of N-well capacitor 
and EPROM cell causes a large cell size in the conventional 
design. 

[0006] FIG. 1A is a circuit, schematically illustrating the conven- 
tional circuit design for EPROM. In FIG. 1A, an NMOS tran- 
sistor with the gate FG is forming on a p-type substrate. 
However, in order to have the capability to store the bi- 
nary data, the PMOS transistor is formed in N-well to 
serve the capacitor function, wherein the gate oxide layer 
with the gate and the substrate form as a capacitor. 

[0007] FIG. IB is drawing, illustrating the equivalent circuit in op- 
eration for the conventional EPROM. In FIG. IB, the MOS 



transistor is coupled with a capacitor at the gate elec- 
trode. The gate electrode is then coupled to the word lines 
WO, Wl, ... Two adjacent cells has the common source re- 
gion coupled to the voltage source VS, and each of the 
drain region is coupled to the bit line, BLO, BL1, BL2... 
[0008] | n the foregoing conventional design, it at least has sev- 
eral disadvantages. For example, the cell size is very 
large. This is because of device isolation limitation be- 
tween P+ Diffusion in N-well to N+ Diffusion in P-well. 
Also and, it is not suitable for embedded Flash/EEPROM 
applications because the over-erase issue may be caused. 
Summary of Invention 

[0009] The invention provides a novel design of a nonvolatile 

memory device, which can at least solve the conventional 
drawbacks. 

[0010] The invention provides a novel design of a nonvolatile 
memory device, which at least has the reduced cell size 
and has compatible fabrication process in CMOS logic 
process. 

[0011] The invention provides a layout of nonvolatile memory 
device. The layout of nonvolatile memory comprises a 
word line and a bit line, and a plurality of metal-oxide 
semiconductor (MOS) transistor memory cells. Each of the 



memory cells has a gate electrode, a first doped electrode, 
and a second doped electrode, wherein each of the first 
doped electrode is coupled to the bit line, and each of the 
gate electrode is coupled to a corresponding one of the 
word line. A shared coupled capacitor structure is coupled 
between all of the transistor memory cells in the adjacent 
bit line from the second doped electrodes. Wherein, the 
shared coupled capacitor structure comprises at least two 
floating-gate MOS capacitors. Also, each of the floating- 
gate MOS capacitors comprises a floating-gate transistor 
having a floating gate, a first source/drain (S/D) region 
and a second S/D region; and a MOS capacitor coupled to 
the floating gate. Wherein, the first S/D region is coupled 
to the second doped electrode of the corresponding one 
of the transistor memory cells, and the second S/D region 
is shared with an adjacent one of the floating-gate tran- 
sistor. 

[0012] The invention in another embodiment also provides a 

nonvolatile memory cell, comprising: a metal-oxide semi- 
conductor (MOS) transistor, having a first doped electrode 
coupled to a bit line, a gate electrode coupled to a word 
line, and a second doped electrode. Also, a floating-gate 
MOS transistor has a first source/drain (S/D) region cou- 



pled to the second doped electrode, a second S/D region 
coupled to a first voltage terminal, and a floating gate. A 
MOS capacitor has a gate-capacitor electrode coupled to 
the floating gate of the floating-gate MOS transistor, and 
a substrate-capacitor electrode coupled to a second volt- 
age terminal. 

[0013] The invention in another embodiment also provides a 

structure of a non-volatile memory cell, comprising a first 
transistor, having a first source/drain (S/D) electrode cou- 
pled to a bit line, a gate electrode, and a second S/D elec- 
trode; a second transistor, having a first source/drain 
(S/D) electrode coupled to a first voltage terminal, a gate 
electrode, and a second S/D electrode coupled to the sec- 
ond S/D electrode coupled of the first transistor. A shared 
capacitor structure provides two capacitors respectively 
coupled to the gate electrodes of the first transistor and 
the second transistor. Wherein, another electrode for each 
of the first transistor and the second transistor is coupled 
to a word line. Wherein the first transistor as a first cell 
and the second transistor as a second cell serve together 
as a dual-cell memory cell. 

[0014] | n another embodiment under the foregoing nonvolatile 

memory cell, a failure occurs on the dual-cell memory cell 



only when the first cell and the second cell are both in 
failure function. 

[0015] The invention in another embodiment further provides a 
nonvolatile memory cell, used for operation of multiple- 
time programming, comprising a plurality of sub-memory 
cells grouped as a memory cell, and adapted to a bit line 
and a word line. Wherein, the memory cell is programmed 
using the sub-memory cells one after one, so that the 
memory cell can be programmed for multiple times. 

[0016] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] FIG. 1A is a cross-sectional drawing, schematically illus- 
trating a conventional one of nonvolatile memory cell 
formed on a substrate. 



[0019] FIG. IB is a circuit drawing, illustrating a conventional lay- 
out of memory device using the memory cell of FIG. 1A. 

[0020] FIG. 2 is a layout, schematically illustrating a non-volatile 
memory device on a semiconductor substrate, according 
to an embodiment of the invention. 

[0021] FIG. 3A-3C are cross-sectional views, schematically illus- 
trating the shared couple capacitor structure in FIG. 2, ac- 
cording to an embodiment of the invention. 

[0022] FIG. 4 is a circuit layout, schematically illustrating the 
non-volatile memory device with respect to FIG. 2, ac- 
cording to an embodiment of the invention. 

[0023] FIG. 5 is a perspective drawing, schematically the struc- 
ture of the non-volatile memory device with respect to 
FIG. 2, according to an embodiment of the invention. 

[0024] FIG. 6 is a drawing, schematically illustrating a memory 
cell operated in programming, according to an embodi- 
ment of the invention. 

[0025] FIG. 7 is a drawing, schematically illustrating a memory 
cell operated in erasing, according to an embodiment of 
the invention. 

[0026] FIG. 8 is a time diagram, schematically illustrating the re- 
lation of various operation voltages in time sequence for 
programming, according to an embodiment of the inven- 



tion. 

[0027] piGs. 9-10 are drawings, schematically illustrating the 

prevention mechanism while a program disturbing occurs, 
according to an embodiment of the invention. 

[0028] FIG. 11 is a drawing, schematically illustrating a non- 
volatile memory cell, according to another embodiment of 
the invention. 

[0029] FIG. 12 is a drawing, schematically illustrating a non- 
volatile memory cell, according to further another embod- 
iment of the invention. 
Detailed Description 

[0030] | n general, the invention at least introduce, for example, a 
single poly electrically programmable EPROM cell by uti- 
lizing an N-well inversion capacitor as control gate to 
couple program/read operation voltage to floating gate. 
One selected gate in series with floating gate are formed 
by the same poly-silicon layer to prevent over-erase is- 
sue. A new program operation condition is also proposed 
to prevent program disturbing issue by inserting program 
preset cycle. Regarding to process, the present invention 
of EPROM cell can be manufactured with standard CMOS 
Logic Process. 

[0031] | n order to reduce the cell size, a novel design of compact 



single-poly EPROM/EEPROM memory cell that is named as 
Shared Couple Capacitor Single Poly EPROM/EEPROM 
(SCCSP Cell as shown in FIG. 2) is proposed. In FIG. 2, two 
adjacent EPROM/EEPROM cells utilize the same shared 
couple capacitor 202 that is made of N-well capacitor with 
?+/ N+ diffusion butting contact. P+ Diffusion in the 
middle of the shared capacitor provides minority carrier to 
form inversion layer, and N+ diffusion acts as N-well sub- 
strate pick-up and also acts as isolation for the P+ diffu- 
sion in N-well and P-well. A floating polysilicon gate 200 
is formed, compatible with process of the logic gate oxide 
growth that is coupledto the program and read operation 
voltage through N-well shared couple capacitor. The same 
polysilicon gate also acts as a selected-gate transistor in 
series with floating-gate transistor to prevent over-erase 
issue during erase operation. The compact single-poly 
EPROM/EEPROM cell includes a select gate, a floating gate 
transistor, and a shared couple capacitor. 
[0032] The capacitor 202 in FIG. 2 is formed by a MOS capacitor 
that is formed by NW inversion capacitor. FIG. 3A-3C are 
cross-sectional views, schematically illustrating the 
shared couple capacitor structure in FIG. 2, according to 
an embodiment of the invention. In FIG. 2 and FIGs. 



3A-3C, for example, four capacitors 202 with respect four 
floating gates 200 are formed together in series structure 
within an N-type well (NW) 204. N+/NW capacitor will 
suffer deep depletion effect due to lack of formation of 
minority carrier. In order to prevent deep depletion effect, 
a P+ doped region 208 is formed between two of N+ 
doped region 206 that P+ doped will supply minority car- 
rier to prevent NW capacitor into deep depletion region. 

[0033] FIG. 4 is a circuit layout, schematically illustrating the 
non-volatile memory device with respect to FIG. 2, ac- 
cording to an embodiment of the invention. In FIG. 4, the 
layout of the memory includes a plurality of MOS transis- 
tors arranged in an array structure with respect to the bit 
lines BL0, BL1, ... BLn and word lines WL0, WL1, .... Here, 
only two word lines are shown. In other words, for the bit 
line BL0 as the example for descriptions, several MOS 
transistors are coupled the same bit line BL0, while the 
MOS transistors are respectively coupled to the corre- 
sponding word lines WL0, WL1. 

[0034] The capacitor structure B is coupled between for example 
four MOS capacitors 202 with four floating-gate transis- 
tors 402, 404. Here, the MOS capacitor is known that a 
MOS device is operated as a capacitor, wherein the gate 



oxide layer at least servers as the capacitve dielectric 
layer. The principle of MOS capacitor is known by the or- 
dinary skilled artisans, and the detailed description is 
skipped. 

[0035] For one bit line, such as bit line BLO, two floating-gate 

transistors 402, 404 are formed together as charge stor- 
age node with respect to the word lines WLO and WL1, so 
as to form two adjacent memory cells. In other words, the 
two adjacent memory cells in one bit line share the same 
capacitor structure. On the other hand, the same couple 
capacitor structure is shared by all of memory cells of ad- 
jacent bit lines BL (BLO, BL1). The capacitor structure and 
the circuit couple structure are shown in FIG. 5. 

[0036] | n fig. 4 and 5, the layout for the bit line BLO is indicated 
by A part, which is shown at the bottom in FIG. 5. Like- 
wise, the capacitor structure, indicated by B part, is shown 
at the middle drawing in FIG. 5, and the layout for the bit 
line BL1 is indicated by C part, which is shown at the top 
in FIG. 5. 

[0037] The layout of the memory device of the invention can be 
seen in FIGs. 2, 4 and 5. Particularly in FIG. 5, the four 
MOS capacitors are formed in the same N-well (NW). And, 
each capacitor is coupled to one of the floating-gate tran- 



sistor at one of the floating gates FGO, FG1, FG2, and FG3. 
The four adjacent floating-gate transistors belonging to 
adjacent BL (BLO, BL1) can share the same couple capaci- 
tor region. The gate electrode of the MOS transistor is 
coupled to the corresponding word lines WLO, WL1. The 
MOS transistor for example is NMOS transistor formed in 
a P-type substrate or P-well (PW). 

[0038] As one can see, the shared capacitor structure of the in- 
vention includes several capacitor coupled in series. Since 
the capacitor is formed by MOS capacitor, the fabrication 
process is compatible with the fabrication process for the 
logic device. The capacitor can also be formed together to 
reduce the cell size. The SCCSP Cell according to the 
present invention comprises a select gate NMOS, a float- 
ing-gate MOS device, and a shared couple capacitor 
formed by N-well. The adjacent floating-gate transistor 
share the same NW couple gate capacitor that means the 
width of memory cell can reduce half of the width of cou- 
ple gate capacitor. 

[0039] Based on the layout of the memory device described 

above, several operations of programming, reading, and 
erasing can be performed by applying a proper voltage 
levels. FIG. 6 is a drawing, schematically illustrating a 



memory cell operated in programming, according to an 
embodiment of the invention. In FIG. 6, one memory cell 
of the invention is shown. The MOS transistor 70 of the 
memory cell has one doped electrode coupled to the bit 
line BL, the gate electrode coupled to the word line WL, 
and the other doped electrode coupled to the floating- 
gate transistor 80 at one S/D region. The floating-gate 
transistor 80 has another S/D region serving as a first 
voltage terminal indicated by VS, and a gate electrode 
coupled to on end of the MOS capacitor at the gate. An- 
other capacitor electrode, that is a substrate electrode, of 
the MOS transistor serves as a second voltage terminal in- 
dicated by VCN. 

[0040] | n FIG. 6, a programming operation is described. The first 
voltage terminal VS (source electrode) and the second 
voltage terminal VCN are pulled up to a voltage level of 
VPP1 (typical value is for example 3 7 V), and word line for 
selecting gate of the programmed cell is applied to a volt- 
age level VPP2 that should be high enough to let the BL 
voltage pass to drain side of program cell without voltage 
drop. At the same time, the bit line BL voltage of the pro- 
grammed cell is held at a ground voltage (GND). The other 
bit lines BL's not currently selected are applied to the sys- 



tern voltage VCC. As a result, the voltage level existing on 
the floating gate is VFG = GCR * VPP1 ,where GCR is the 
couple ratio of SCCSP and is for example larger than 80 %. 

[0041] Consequently, the floating gate transistor is highly con- 
ductive and high electric field occurs in the source junc- 
tion, thereby electrons accelerated by the high electric 
field are injected from the source side N+ diffusion junc- 
tion to floating gate to cause floating gate electrode neg- 
atively charged. Finally, threshold voltage of memory cell 
exceeds programmed verifying threshold voltage. 

[0042] FIG. 7 is a drawing, schematically illustrating a memory 
cell operated in erasing, according to an embodiment of 
the invention. In FIG. 7, the erasing operation is described 
as an example. The erasing operation is performed by F-N 
tunneling at the source side of floating-gate device. A 
high voltage VE is applied to N+ source at the first voltage 
terminal VS, and all of the other terminals are grounded to 
GND. Because of couple ratio of the memory cell is larger 
than 80%, high electric field existing between Floating 
Gate and N+ Diffusion causes F-N tunneling. The charge 
stored in floating gate is removed and threshold voltage 
of memory cell descends from program cell V t till to reach 
the value of erasing verify voltage. Alternative method to 



erase memory cell is utilizing UV erasing, in which 
charges stored in the floating gate are removed after 
10-120 min UV light illumination. 
[0043] For the read operation, the bit line BL is applied to around 
IV , the world line is applied to the system voltage Vcc, 
the first voltage terminal as the source terminal is applied 
to ground voltage, and the second voltage terminal, as the 
substrate capacitive terminal VCN, is applied to a read 
voltage VR. 

[0044] For the memory cell, the operation voltages are listed in 
Table 1 as an example. 

[0045] 



Table 1 





VCN 


WL 


Selected BL 


Source (VS) 


Non-selected 
BL 


Non-selected 
WL 


Program 


VPPl 


VPP2 


GND 


VPPl 


VCC 


GND 


Read 


VR 


VCC 


- IV 


GND 


GND 


GND 


Erase 


GND FG/GND 


FG/GND 


VE 


FG/GND 


FG/GND 



[0046] The range of various voltage levels are, for example, that 
VPPl is about 3V to 7V, VPP2 is about 3V to 5V, VE is 
about 4V to 8V, and VR is 0V to 2V. However, the actual 
operation voltages may be varied. The invention provides 
the structure of a memory cell, which can be operated ac- 



cording to the actual application. 

[0047] Considering program disturb issue for un-wanted pro- 
grammed memory cell in the same BL with the program- 
ming cell, the invention can improve program disturbing 
issue by inserting preset cycle before programming cycle 
to preset BL voltage of unwanted cell to VCC voltage level. 
FIG. 8 is a time diagram, schematically illustrating the re- 
lation of various operation voltages in time sequence for 
programming, according to an embodiment of the inven- 
tion. FIGs. 9-10 are drawings, schematically illustrating 
the prevention mechanism while a program disturbing oc- 
curs, according to an embodiment of the invention. In 
FIGs. 8-10, the preset BL voltage reduces lateral electric 
field of floating-gate transistor of un-wanted program cell 
in the same BL. The invention strongly improvesthe pro- 
gram disturbing problem. 

[0048] on the other hand, considering program disturb for pro- 
gram inhibit cell in the same word line with programming 
cell. The cell can be alleviated hot carrier generation be- 
cause of all of other BL are set to VCC that passes to the 
drain side of floating gate cell as shown in FIGs. 9-10. 

[0049] The invention also introduces another memory cell struc- 
ture as shown in FIG. 11. By using the shared capacitor 



structure, two cells 100 and 80 can be formed together as 
an actual cell, wherein each cell has the capacitors 1104. 
However, the other capacitor electrode are coupled to the 
same word line. In this situation, one actual memory cell 
includes two sub-cells. In this situation, the probability of 
failure for the memory cell is effectively reduced. In other 
words, the lifetime can be effectively extended. 
[0050] From the practical considerations, the conventional OTP, 
MTP and Flash memory architecture that every one of 
memory cells stored one data point, and memory cell 
should guarantee at least ten years data retention. How- 
ever there are some weak bits cant pass ten years data re- 
tention criteria that may due to process contamination is- 
sue. In order to prevent this issue, the novel design can 
improve memory cell data retention capability. By means 
of at least two SCCSP cells in series (FIG. 11) to form a 
MEMORY CELL that can greatly improve data retention ca- 
pability because of only every SCCSP cells in one MEMORY 
CELL fail data retention criteria represents real failure as 
shown in Table 2. In term of this, the probability of data 
retention failure is significantly reduced. Alternatively, an- 
other way is at least two SCCSP cells with combination 
logic to represent one data point. 



[0051] 



Table 2 



Condition 


SCCSP-1 


SCCSP-2 


Data retention 


1 


0 




PASS 


2 


0 




PASS 


3 


1 


0 


PASS 


4 


1 


1 


FAn, 



[0052] | n Table 2, only when both SCCSP-1 and SCCSP-2 fail in 
data retention criteria (condition "4" ), a real failure oc- 
curs. It is noted that "0" represents high V t (program) 
state; and "1" represents a low V t (UV) state. 

[0053] The present invention also propose another memory cell 



structure for multiple time programming memory device. 
As known, the one-time programming (OTP) memory cell 
can be programmed one time only, and cant be applied to 
some of MTP (Multiple times Programming) applications. 
The invention proposed an extended OTP cell to perform 
multiple time programming. 
[0054] FIG. 12 is a drawing, schematically illustrating a non- 
volatile memory cell, according to further another embod- 
iment of the invention. In FIG. 12, a memory cell includes 
multiple memory cells, such as the SCCSP cells which can 
be compactly formed with the reduced cell size. There- 
fore, multiple times programming operation can be 
achieved by programming just one SCCSP cell during each 
program operation. Taking three sub cells as the example. 
The operation is shown in Table 3. 

[0055] 



Table 3 





SCCSP-1 


SCCSP-2 


SCCSP-3 


Initial 


1 




1 


Program-first time 


1 


1 


0 


Program-second time 


1 


0 


0 


Program-third time 


0 


0 


0 



[0056] | n FIG. 12, one actual memory cell 1202 includes three 
sub memory cells 1204, 1206, 1208. The switching unit 
1200 can select one of the sub cells to program or read. 
Therefore, according to the arrangement of three cells, 
the memory can be programmed three times. Alterna- 



tively, another way is separating memory array into multi- 
ple group to perform multiple times programming, only 
one group of memory array is selected to programming 
every time. 

[0057] The sub memory cells basically are not necessary to be 

the memory cell 202 as previously described. However, in 
order to reduce the cell size, the memory cell with shared 
capacitor can allow the cell size to be reduced. 

[0058] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



